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ABSTRACT 

In this volume, the results of a study of concept 
learning are presented. (The background for the study, and 
descriptions of the treatments— rote reception, rote discovery, 
conceptual reception, and conceptual discovery->*are provided in Part 
1.) Several hypotheses concerning the effectiveness of these 
treatments in learning concepts and on the ability to use those 
concepts were analyzed using multivariate analysis of covariance. The 
results of these analyses indicated some differences for the 
reception and discovery treatments, and for the rote and conceptual 
treatments; no interaction between these dimensions was discovered. 
The data are shown to fit well with the Bower model for 
paired-associate learning. (SD) 
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STATEMENT OF FOCUS 



Individually Guided Education (IG£) Is a new comprehensive 
system of elementary education. The following coin;vonents of the 
ICE system are in varying stages of development and Implementation: 
a new organization for instruction and related administrative 
arrangements; a model of instructional programing for the indi- 
vidual student; and curriculum components in prereading, reading, 
mathematics, motivation, and environmental education. The develop- 
ment of other curriculum components, of a system for managing in- 
struction by computer, and of instructional strategies is needed 
to complete the system. Continuing programmatic research is required 
to provide a sound knowledge base for the components under develop- 
ment and for improved second generation components. Finally, sys- 
tematic implementation is essential so that the products will function 
properly in the IGE schools. 

The Center plans and carries out the research, development, 
and Implementation components of its IGE program in this sequence: 

(1) identify the needs and delimit the component problem area; 

(2) assess the possible constraints—financial resources and avail- 
ability of staff; (3) formulate general plans and specific procedures 
for solving the problems; (4) secure and allocate human and material 
resources to carry out the plans; (5) provide for effective communi- 
cation among personnel and efficient management of activities and 
resources; and (6) evaluate the effectiveness) nf each activity and 
its contribution to the total program and correct any difficulties 
through feedback mechanisms and appropriate management techniques. 

A self-renewing system of elementary education is projected in 
ea<>.h participating elementary school, i.e., one which is less dependent 
on external sources for direction and is more responsive to the needs 
of the children attending each particular school. In the IGE schools. 
Center-developed and other curriculum products compatible with the 
Center's instructional programing model will lead to higher morale 
and job satisfaction among educational personnel. Each developmental 
product makes its unique contribution to IGE as it is Implemented in 
the schools. The various research components add to the knowledge of 
Center practitioners, developers, and theorists. 
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ABSTRACT 



The study reported in this thesis concerns the learning and use 

/ 

of nathematlcal concepts and the learning of relations described by a 



ing were studied. The study was designed not only to allow study of 
the hypothesized main effects and interactions between these dimensions 
but also to determine the feasibility of studying the learning of re- 
lation* betweet) concepts , 

Three types of relations that exist between mathematical concepts 
are designated which are used to define a hierarchy of mathematical 
concepts. The procedure used was to designate a hierarchy of mathe- 
matical concepts. Then, instructional units were prepared and taught 
to students in fifteen sections of college algebra by rote reception, 
f:ote discovery, conceptual reception, or conceptual discovery methods. 
The rote treatments allowed, but did not require, rote learning of 
single £:\ct8. In the conceptual treatments students were never given 
the same Items more than once so that only conceptual learning was 
demonstrated. The procedure in the reception treatments was to give 
the S the correct definition? and examples of concepts; whereas, in 
the discovery treateme»its, the S had to discover the correct rule. 
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The results of the study Indicated differences between rote and 
conceptual learning as well as between reception and discovery learn- 
ing. No evidence of an interaction between the rote-conceptual and 
reception-discovery dimensions were found. An excellent fit for data 
from the conceptual reception treatments to theoretical values from 
Bower's model of paired-associate learning was found. 

Conclusions drawn froo the study are: (1) there are differences 
between rote and conceptual learning and between reception and discovery 
learning that can be studied using hierarchies of mathematical concepts 
as the content to be learned and by fitting observed data to different 
mydels of learning noting variation in parameters and fit, (2) rote 
learning does not hinder conceptual learning, and (3) if there is an 
interaction between rote-conceptual and rote-discovery learning, either 
in learning concepts or in learning relations between concepts, more 
refined methods are needed to analyze them. 
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Chapter V 
THE STUDY 



With only minor changes i the study was conducted as described 
In Chapter IV. The students and teaching assistants were most cooper*- 
atlve. Many students seemed to like the change from the regular class- 
room routine afforded by participation In the study; this leads to the 
feeling that there may be some effect caused by the novelty of the 
experience. However » since students were randomly assigned to treat- 
ments It Is assumed that whatever the effect of participation. It was 
uniform across treatments. 

The Population 

The study was conducted at the University of Wisconsin - ^ladison. 
The subjects were students enrolled in College Algebra (Mathematics 112). 
During the semester in which the study was conducted » there were 30 
sections of this course taught by 16 teaching assistants (TA) with 
the supervision of a faculty member. The textbook was Groza and 
Shelly (1969) together with a suggested syllabus. Permission had 
been granted by the professor for one of the TAs Involved In the 
study to write his own syllabus for Groza and Shelly and to give his 
own examination. 

The professor in charge had also granted permission to five TAs 
to individualize their ten sections so as to permit students to progress 
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at their own rate; these sections used Spiegel (1956) and a great deal 
of supplementary material written by the five TAs. 

Initial Contact with Teaching Assistants 

Tlie TAs for the Individualized sections had Indicated an Interest 
In participating In the study. The materials were designed with these 
sections In mind. The TAs reviewed the materials before use with their 
students. It was determined that the Individualized sections would 
not provide enough subjects so that It was necessary to contact other 
TA8. The unit and study were then described to three TAs teaching 
regular sections at least a week before the material was to be taught. 
Each TA agreed to use the material. 

Due to the different Instructional methods used by the TAs, It 
was desirable to consider effects of TA section on data collected 
In the experiment. It was determined that students In the ten Individ- 
ualized sections moved freely from one section to another and that 
team teaching was occurring In these sectlonsr so that distinction 
between sections was considered to be unimportant, what was important 
was whether students were In an Individualized section or not. Three 
covarlates, SECTVl, SECTV2, and SECTV3 were used in the analyses of 
data. These titles refer to sections of Mathematics 112 taught by 
three different TAs and were designed to contrast the performance of 
^s In sections taught by each of the TAs not teaching Individualized 
sections with performance of S^s in individualized sections. This was 
done by assigning value one (for SECTVl) to each £ in sections taught 
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by TA number one (designations were arbitrary), zero to Ss taught by 
TA Two and Three* and -1 to all Sa in individualized sections. Values 
for SECTV2 and SECTV3 were determined similarly with S,s taught by 
TA Two being assigned value for one for SECTV2 and Sa for TA Three 
assigned value one for SECTV3, with other ^s for TAs being assigned 
value 0, and Ss from individualized sections always being assigned 
value -1. 

Other covariates were SEX, CQT, and ALG. The values for CQT 
were the scores of £s on the College Qualification Test, numerical 
portion. The covariate ALG was the scores of Ss on the algebra part 
of the University of Wisconsin-Madison mathematics placement test. 

Timetable for the Study 

Students from the individualized sections were allowed to work 
on the unit from April 25, 1973 to May 2, 1973. Data obtained after 
May 2 were not included in the study. 

Three regularly scheduled class periods of fifty minutes each 
were used for the regular sections. The periods were on April 25, 27, 
and 30, 1973, with make-up periods for students from April 26 through 
May 2. These three days were suggested for teaching sequences and 
series in the syllabus. 

Summary of Treatments 

Subjects from individualized sections . Students from the 
individualized sections were required to complete the unit to be 
eligible for a grade of A or B in the course. The unit had been 



76 



designated as an optional unit at the beginning of the semester and 
grading procedures set betore the study was conceived. When a student 
from an Individualized section was ready to study the unit ha was Instructed 
by his TA to come to the experimenter's office^ there, he was randomly 
assigned to one of the eight treatments. If the treatment Included a 
pretest It was given at once. When the pretest was finished or If no 
pretest was administered the subject was given a sheet of Instructions. 
(Figure. 4. 1| p. 49 shows the Instructions for one treatment In Fart 
One. Figure 5.1 shows the Instructions all subjects received for Part 
Two. The Instructions for the other treatments are In Appendix A). 



Part 2> Sequence and Series 

This part of the unit Is designed to teach you to use formulas 
associated with sequences. For each sequence, you are to find the 20th 
term, the nth term, the sum of the first 20 terms, the sum of the first 
n terms and the sum of the terms of the Infinite sequence (if it exists). 
After you have found each of these expressions for a particular example 
write each one in the place indicated in your unit. If a requested 
value does not exist place an X where the answer should be. With 
these exceptions the directions are the same as for the first part of 
the unit. 

Some of the answers will involve arithmetic with large numbers. 
It is necessary only to indicate what should be done; 3 + 2^7 is a 
perfectly good answer, it is not necessary to do the computation. DO 
NOT GET TIED UP IN ARITHMETIC PROBLEMS. 

Figure 3.1. Instructions all subjects received for Part Two 



If the subject had questions about what he was to do he answered 
orally. At this point the subject proceeded as described In Chapter IV 
for his particular treatment. 
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If the subject did not finish both parts of the unit he was 
instructed to return at his next opportunity. Upon completion of the 
unit and both posttescs the subject was given {i sheet with d* ^initions 
of all terms used and derivations of all formulas regardless £ whether 
he had been in the reception or discovery treatments. This material is 
shown in Figures 5.2 and 5.3. 

Subjects from non- ind iv idual Ized sections . The class roster from 
the five regular sections were obtained from the TAs and the students 
were randomly assigned to the treatments before the first day of the 
experiment. At the first class meeting subjects were given a short 
oral description of the experiz^uint stating that the content covered was 
a part of the regular course, that they were to work alone, and that 
they were not to change responses after correct responses were given 
(since these responses had no effect on their grades). At this point 
the roll was called, and each student was given a letter W, X, Y, or 
Z according to the creatment to which he was assigned regardless of 
whether or not a pretest would be given. Students with the same letter 
were asked to sit in the same section of the classroom. Next pretests 
were given to subjects assigned to pretest treatments; then the other 
subjects were given materials according to their treatment assignment 
as described in Chapter IV. 

The experimenter and TA worked together In grading grid lists, 
checking booklet lists when subjects Indicated no mistakes (if a 
subject Indicated mistakes on a booklet list he was given another of 
the same form) and observing the progress of the class. As lists and 
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Conclusion: Sequences and Ser.ie8 



Be sure to get copies of the definitions and formulas before you 
leave. The definitions should require no connients, except that 
sequences are sometimes called progressions. The term "sequence" is 
used consistently in calculus and higher mathematics. 

The nth term of an arithmetic sequence is found by counting the 
number of times the common difference is added to the first term. For 
instance if a is the first term and d is the common difference then: 

Ist term » a 

2nd term « a + d 

3rd term » a + 2d 

• • • 

10th tenn = a + 9d 

• • • 

nth term " a + (n-l)d 

The same Ideas apply to the terms of a geometric sequence. If a 
Is the first term and r Is the common ratio then: 

1st term » a 

2nd term » ar 

3rd term «» ar^ 

• • • 

lOth term « ar^ 

• • • 

nth term « ar^*^ 

The Idea behind the formula for the sum of the first n terms of 
an arithmetic sequence can be seen In finding the sum of the even 
numbers from 2 to and Including 100 « (This is the arithmetic sequence 
2» 4» 6» 8 94, 96, 98, 100). 



Figure 5.2. Handout given to Ss upon completion of Part Two posttest. 
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25 



2 + 


100 




102 


4 + 


98 




102 


6 + 


96 


a 


102 


8 + 


94 


a 


102 


• • • 

50 + 


52 


s 


102 



It is only necessary to multiply 102 by one half the number of 
terms in the sequence (50) so the sum is 25 • 102. 

To find the sum of the first n terms of an arithmetic sequence add 
the first term, a, and the nth term, a + (n-l)d, and multioly by the 
number of pairs that have sum a + [a + (n-l)d], which is j: 

sum of the 1st n terms = ~ i.2a + (n-l)d] 

The sum of 1st n terms of a geometric sequence can be indicated 
by: (a is the 1st term and r is the common ratio) 

S a a + ar + ar2 + . . . + ar"~l 
n 

Multiply both members of this equation by r: 

rS = ar + ar2 + . . . + ar"""^ + ar" 
n 

subtract 

Sn - rS « a + ar + ar2 + . . . + ar""! - ar - ar^ - ... - ar** 

a 

» a - ar" 



therefore (l-r)Sn « a(l-r") 
Sn 



a(l-r") 



1-r 

This gives the formula for the sum of n terms of a geometric 
sequence. As n increases, if |r|< 1, r" gets closer to 0. This is 

stated llm r" = 0. So that llm ^^j""^"^ = ~ , Thus, if |ri<l the 

n- n-? ■'■■*^ a "^ '^ 

sum of an infinite geometric sequence Is . 

These same ideas are discussed in your text and you should be sure to 
read the relevant sections. If you feel you do not understand the material 
after you have read the discussion in your text I will be happy to make 
an appointment to work out the problems. My office is 707 Van Vleck. 



Figure 5.3. Handout given to S^s upon completion of Part Two 
Posttest. 



P<0 



testa were completed they were collected in a box to be sorted later, 
a student was unable to complete a list at the end of the period he 
was given that list to complete at the first of the next class meeting. 

Before the next class meeting each list was checked to verify that 
responses were clearly marked and the corrext lists were being used. A 
list of subjects with the starting point for the next class period was 
prepared. If a subject completed all lists and testa before the last 
day of the experiment he was excused and asked to return to class the 
class session following the completion of the experiment at which time 
he would be given the definitions and formulas used in the study. Sub> 
jects that took the three class periods to complete the material were 
given the definitions and formulas before leaving on the last day of 
the experiment. 

Descriptive Statistics for Pretests and Posttests 

The pretest indicated students entered the experiment not knowing 
the concepts to be taught. Of the thirty-three subjects taking the 
pretest, 25 gave no correct responses at all. This may help account 
for the low Hoyt reliability indicated in Table 5.1 for the pretest. 
On the other hand, approximately half the subjects made no mistakes on 
the posttests (31 out of 63 on Part One and 23 out of 46 on Part Two) 
which is a possible explanation for low Hoyt reliability coefficients 
for these tests. The situation where pretest scores are low and post- 
test scores are high was described by Uambleton and Novlck (1973): 



...criterion-referenced tests are usually administered 
either immediately before or after small units o£ instruc- 
tion. Thus, it is not surprising that we frequently ob- 
serve homogeneous distributions of test scores on the 
pre- and posttests, but centered at the low and high ends 
of the achievement scales, respectively. It is well known 
from the study of classical test theory (Lord and Novick, 
1968) that when the variance of test scores is restricted, 
correlational estimates of reliability and validity will 
be low (p. 167). 

Ebel (1968) pointed out that measures of internal consistency give 

only estimates of reliability. He stated that reliability is: 

.».the ratio of true score variance to obtained score 
variance and operationally, the correlation between 
measurements of the same characteristic obtained from 
equivalent but independent operations. Reliability of 
this kind should never be defined as internal consistency, 
though it may often be estimated by a measure of internal 
consistency. Theoretically, a test that is perfectly 
reliable in the variance ratio sense or in the correlation 
of equivalent measurements sense may have zero internal 
consistency (p. 72). 

Popham and Uusek (1969) stated: 

If a criterion-referenced test has a high average inter- 
item correlation, this is fine. If the test has a high 
test-retest correlation, that is also fine. The point 
is not that these indices cannot be used to support the 
consistency of the test. The point is that a criterion- 
referenced test could be highly consistent, either 
internally or temporarily, and yet indices dependent 
on variability might not reflect that consistency 
(pp. 5-6). 

Table 5.1 shows the mean, standard deviation, Hoyt reliability 
coefficients, and standard error for the tests « 



Descriptive Statistics for the Lists 

Table 5.2 shows the mean and standard deviations for the number of 
lists used and number of different forms of the lists used in each treat- 
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Table 3.2 
DESCRIPTIVE STATISTICS FOR LISTS 

Number of Lists Used Number of Forms of Lists 



Treatment 


Mean 


Standard 
Deviation 


Mean 


Standard 
Deviation 


PH RO RE 


4.000 


1.927 


2.375 


.744 


PR RO DI 


6.111 


1.965 


2.778 


.667 


PR CO RE 


3.222 


1.302 


3.222 


1.302 


PR CO DI 


4.286 


.951 


4.286 


.951 


NP RO RE 


4.222 


1.641 


2.222 


.441 


NP RO DI 


7.714 


3.200 


3.429 


1.272 


NP CO RE 


3.143 


1.345 


3.143 


1.345 


NP CO DI 


4.000 


1.291 


4.000 


1.291 


RO RE 


4.118 


1.781 


2.294 


.603 


RO DI 


6.812 


2.579 


3.062 


.979 


CO RE 


3.188 


1.321 


3.188 


1.321 


CO DI 


4.143 


1.134 


4.143 


1.134 



ERIC 
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mei4t. The pretest (PR), no pretest (NP), rote (RO), conceptual 
(CO), reception (RE), and discovery (DI) designations for treatments 
are also used in Chapter VI. 

The study has been described and the method of data collection 
indicated. The statistical analyses of the data are reported in Chapt 
VI and Chapter VII contains the conclusions reached based on these 
results. 



Chapter VI 
RESULTS OF THE DATA ANALYSIS 

Data were gathered as indicated in Chapter V to test the 
hypotheses stated in Chapter II. The analyses of these data 
are presented here. Observed and predicted values for the 
models from Chapter II are also included. 

Each hypothesis is discussed within the section dealing 
with the appropriate set of dependent measures. The hypotheses 
were tested using either a 2 x 2 x 2 multivariate analysis 
of covariance (MANCOVA) for Part One (concept identification) or 
a 2 X 2 MANCOVA for Part Two (concept use). The covariates used 
»ere SECTVl, SECTV2, and SECTV3, which contrasted the performance 
of Ss in sections taught by each of the three TAs not teaching 
individualized sections with performance of £s in individualized 
sections; CC^T. ALG, and SEX, which were scores on the numerical 
portion of the College Qualification Test, scores on the algebra 
part of the University of Wisconsin-Madison mathematics placement 
test, and sex of the S, respectively. The significance level was 
set at .03. Since the study is exploratory in nature, weak results 
are also considered. A significance level of .10 was used to 
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Indicate marginal results and to suggest possible research hypotheses 

for future study. 

Another type of analysis Is required for the Bower model. 

The estimated parameters for each treatment for the Bower model 

2 

are given In the last section of this chapter. The D values for 
goodness of fit are Indicated but due to problems of calculating 
degrees of freedom, knowing whether or not observations are In- 
dependent, and small cell size (seven to nine), care must be 

2 

exercised In viewing D as a Chl-square statistic with the usual 
"number of observations minus one minus number of parameters 
estimated" degrees of freedom. 

Part One - Concept Identification 

* Relation learning . Three of the research hypotheses stated 

at the end of Chapter II concerned Ss learning relations between 

concepts. These research hypotheses are: 

Hypothesis la . There Is a significant difference between 
reception and discovery learning on recognition of re- 
lations between concepts. 

Hypothesis lb. There Is a significant difference between 
learning that Includes rote learning and learning that Is 
conceptual on recognition of relations between concepts. 

Hypothesis Ic . There Is a significant Interaction between 
reception-discovery learning and rote-conceptual learning 
on recognition of relations between concepts. 

Briefly stated the relations were: an Item was to be classified 

as either finite or Infinite but not both, an Item was to be 

classified as either a sequence or a series but not both, and 
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an Item was not to be classified as both arithmetic and geometric 
but possible was neither* The dependent variables related to these 
classifications are FIV, SSV, and AGV, respectively, and are defined 
as follows: 

FIV the number of mistakes on the lists that Indicate 
the subject does not recognize an Item cannot be 
both finite and infinite. 

SSV the number of mistakes on the lists that indicate 
the subject does not recognize an item cannot be 
both a sequence and a series. 

AGV the number of mistakes on the lists that indicate 
the subject does not recognize an item cannot be 
both arithmetic and geometric. 

The following null hypotheses correspond to Research Hypotheses 

la, lb, and Ic: 

H.la; There is no significant difference In cell means for 

observed values of FIV, SSV, and AGV between reception 
(RE) and discovery (DI) treatments. 

H.lb: There Is no significant difference In cell means for 
observed values of FIV, SSV, and AGV between rote (RO) 
and conceptual (CO) treatments. 

H.lc; There is no significant interaction between the RE/DI 

and the RO/CO dimensions as measured by observed values 
of FIV, SSV, and AGV. 

Of Interest also are hypotheses concerning the effects of 

the pretest (PR) and no pretest (NP) treaaaents. These null 

hypotheses are: 

H.ld: There is no significant difference in cell means 
for observed values of FIV, SSV, and AGV between 
PR and NP treatmexils. 

/ 

/ 



H.le: There is no significant interaction between the PR/NP 
and the RE/DI dimensions as measured by observed 
values of FIV, SSV, and AGV. 

H.lf: There is no significant interaction between the PR/NP 
and the RO/CO dimensions as measured by observed 
values of FIV, SSV, and AGV. 

H.lg: There is no significant differences among cell means 
for observed \»alues of FIV, SSV, and AGV. 

No support was found for Research Hypothesis la or Research 
Hypothesis Ic since tests of null hypotheses K.la and H.lc were 
not significant. Also, null hypotheses H.lc, H.lf, and H.lg cannot 
ba rejected for the same reason. 

Null hypothesis H.lb is rejected (p < .002) giving support to 
Raeearch Hypothesis lb. There is a significant difference between 
the rote (RO) treatments and the conceptual (CO) treatments. The 
means for FIV, SSV, and AGV fnr RO treatments are 1.09, .79, and .12, 
respectively. The means for the same variables but for the CO treat- 
ments av 4.87, 1.90, and .50, respectively. Thus Ss in the RO 
treatments made significantly fewer errors. Univariate analyses 
disclosed significant differences between means for variable FIV 
and SSV for RO and CO treatments (p < .003 and p < .017, respectively) 
but the values for AGV were not significantly different (see Table 6.1). 

Null hypothesis H.ld is rejected (p <.035A). The means for 
FIV, SSV, and AGV for pretest (PR) treatments are 4.52, 1.36, and 
.15, respectively, and for the same variables when a pretest was 
not given (NP) are 1.10, 1.27, and .47, respectively. The exact 
nature of this main effect is not clear. Univariate analyses 



indicate a significant difference on FIV scores (p < .02) but not 
for SSV nor AGV. The FIV and SSV mean scores favor the NF treat- 
ments but the AGV mean scores do not (see Table 6.2). 

Table 6.1 

MANCOVA FOR RO/CO MAIN EFFECT ON LEARNING RELATIONS 
BETWEEN CONCEPTS FOR VARIABLES FIV, SSV, AND AGV 



F Ratio for Multivariate Test of Equality 
of Mean Vectors = 5.8213, df = 3 and 47, p < .0019 



Variable MS Univariate F p < 

FIV 126.3541 10.1882 .0025 

SSV 25.0236 6.2056 .0162 

AGV 1.119 1.2026 .2782 



Table 6.2 

MANCOVA FOR PR/NP MAIN EFFECT ON LEARNING RELATIONS 
BETWEEN CONCEPTS FOR VARIABLES FIV, SSV, AND AGV 



F Ratio for Multivariate Test of Equality 
of Mean Vectors = 3.1043, df « 3 and 47, p < .0354 



Variable MS Univariate F p < 

FIV 71.4091 5.7579 .0203 

SSV .5324 .1320 .7180 

AGV 2.3961 2.5916 .1139 



Concept Identificatlon t Three research hypotheses concerned 

with S^s* recognition of examples and non-examples of concepts are; 

Hypothesis 2a . There is a significant difference between 
reception learning and discovery learning on recognition 
of examples of concepts learned. 

Hypothesis 2b . There is a significant difference between 
learning that includes rote learning and learning that is 
conceptual on recognition of examples of concepts learned. 

H^^othesis 2c. There is a significant interaction between 
reception-discovery learning and rote-conceptual learning 
on recognition of examples of concepts learned. 

Four different sets of null hypotheses corresponding to these 
research hypotheses were tested. The null hypotheses will be 
stated after the appropriate dependent variables are described. 

The first set of dependent measures used to study Research 

Hypotheses 2«» 2b » and 2c is related to items that were included 

on list A. These items are distinguished as "old" items. These 

dependent variables are: 

SS OLD the number of mistakes on the post test in classifying 
items from the previously learned items as either a 
sequence or a series. 

A OLD the number of mistakes on the posttest in classifying 
items from the previously learned items as either 
arithmetic or not. 

G OLD the number of mistakes on the posttest in classifying 
itemb from the previously learned items as either 
geometric or not. 

TOTOLD the total number of mistakes in classifying items 
from previously learned items. 

The null hypotheses tnat were tested are: 



H.2a: There is no significant difference in cell means 
for observed values of SS OLD, G OLD, and TOTOLD 
between reception (RE) and discovery (DI) treat- 
ments. 

H.2b: There is no significant difference in cell means 
for observed values of SS OLD, G OLD, and TOTOLD 
between rote (RO) and conceptual (CO) treatments. 

H.2c: There is no significant interaction between 

the RS/DI and the RO/CO dimensions as measured 
by observed values of SS OLD, G OLD, and TOTOLD. 

H.2d: There is no significant difference in cell means 
for observed values of SS OLD, G OLD, and TOTOLD 
between PR and NP treatments. 

H.2e; There is no significant interaction between the 
PR/NP and the RE/DI dimensions as measured by 
observed values of SS OLD, G OLD, and TOTOLD. 

H.2f : There is no significant interaction between 

the PR/NF and the RO/CO dimensions as measured by 
observed values of SS OLD, G OLD, and TOTOLD. 

H.2g: There is no significant difference among cell 

means for obsexrved values of SS OLD, G OLD, and 
TOTOLD. 

No multivariate tests were statistically significant (each 
test is reported in Appendix B). The null hypotheses H.2a, 
H.2b, and H.2c correspond to Research Hypotheses 2a, 2b, and 
2c, respectively. Hence, no support was found for these research 
hypo theses . 

The second set of dependent measures used to study 
Research Hypotheses 2a, 2b, and 2c is related to "new" items, items 



not previously seen by the S^s. These dependent variables are: 



SS NEW the number of mistakes on the posttest In classifying 
Items from the new Items as either a sequence or a 
series. 

A NEW the number of mistakes on the posttest in classifying 
Items from the new Items as either arithmetic or not. 

G NEW the number of mistakes on the posttest In classifying 
Items from the new Items as either geometric or not. 

TOTNEW the total number of mistakes In classifying Items from 
new Items. 

The null hypotheses that were tested are: 

H.3a: There Is no significant difference In cell means for 
observed values of SS NEW, A NEW, 6 NEW, and TOTNEW 
between RE and DI treatments. 

U.3b: There Is no significant difference In cell means for 
observed values of SS NEW, A NEW, 6 NEW, and TOTNEW 
between RO and CO treatments. 

H.3c: There Is no significant Interaction between the RE/DI 
and the RO/CO dimension as measured by observed values 
of SS NEW, A NEW, G NEW, and TOTNEW. 

H.3d: There is no significant difference in cell means for 
observed values of SS NEW, A NEW, 6 NEW, and TOTNEW 
between PR and NP treatments. 

H.3e: There Is no significant interaction between the PR/NP 
and the RE/DI dimensions as measured by observed 
values of SS NEW, A NEW, G NEW, and TOTNEW. 

H.3f: There is no significant interaction between the PR/NP 
and the RO/CO dimensions as measured by observed 
values of SS NEW, A NEW, G NEW, and TOTNEW. 

U.3g: There is no significant difference among cell means 
for observed values of SS NEW, A NEW, G NEW, and 
TOTNEW. 

No multivariate tests were statistically significant (^.ppendix B 
reports the analyses). Thus, Research Hypotheses 2a, 2b, and 2c were 
not supported. 



The third set of dependent variables related to Research 
Hypotheses 2a, 2b, and 2c pooled the old and new Items. These 
dependent variables are SS SUM, A SUM, 6 SUM, and TOTSUM which 
are the sums of sS OLD and SS NEW, A OLD and A UEW, O OLD and G 
NEW, and TOTOLD and TOTNEW, respectively. 

The null hypotheses that were tested are: 

H.4a: There is no significant difference in cell means 
for observed values ol SS SUM, A SUM, 6 SUM, and 
TOTSUM between RE and DI treatments. 

H.4b: There is no significant difference in cell means 
for observed values of SS SUM, A SUM, G SUM, and 
TOTSUM between RO and CO treatments. 

H.4c: There is no significant interaction between the 
RE/DI and the RO/CO dimensions as measured by 
observed values o£ SS SUM, A SUM, 6 SUM, and 
TOTSUM. 

H.4d: There is no significant difference in cell means 
for observed values of SS SUM, A SUM, 6 SUM, and 
TOTSUM between PR and NP treatments. 

H.4e: There is no significant interaction between the 
PR/NP and the RE/DI dimensions as measured by 
observed values of SS SUM, A SUM, 6 SUM, and 
TOTSUM. 

H.4f : There is no significant interaction between the 
PK/NP and the RO/CO dimensions as measured by 
observed values of SS SUM, A SUM, 6 SUM, and 
TOTSUM. - 

U.4g: There is no significant difference among cell 

means for observed values of SS SUM, A SUM, G SUM, 
and TOTSUM. 

No multivariate tests were statistically significant 
(Appendix B contains the analyses). Research Hypotheses 2a, 2b, 



and 2c were not supported. 



The fourth set of dependent measures used to study Research 
Hypotheses 2a, 2b» and 2c was used to determine If dlfferetaces 
existed between scores on old Iteas and scores on new Items* 
These dependent variables ^re SS Ul^^ A DIF, G DIF, TOTDIF which 
are SS OLD minus SS NEW, A OLD minus A NEW, G OLD minus G NEW, 
and TOTOLD minus TOTNEW, respectively. 

The null hypotheses that were tested are: 

H.3a: There is no significant difference in cell means for 
observed values of SS DIF, A DIF, G DIF, and TOTDIF 
between RE and DI treatments. 

i 

U.Sb: There is no significant difference in cell means for 
observed values of SS DIF, A DIF, G DIF, and TOTDIF 
between RO and CO treatments. 



H.3c: There is no significant interaction between the 
RE/DI and the RO/CO dimensions as measured by 
observed values of SS DIF, A DIF, G DIF, and TOTDIF. 

H.3d: There is no significant difference in cell means 
for observed values of SS OIF, A OIF, G DIF, and 
TOTDIF between PR and NP treatments. 

H.5e: There no slgnitlcant Interaction between the 
FR/NP and the RE/DI dimensions as measured by 
observed values of SS DIF, A DIF, G DIF, and 
• TOTDIF. 



H.5f: There is no significant interaction between the 
PR/NP and the RO/CO dimensions as measured by 
observed values of SS DIF, A DIF, G DIF, and 
TOTDIF. 



H<5g: There Is no significant difference among cell 
means for observed values of SS DIF, A DIF, G 
DIF, and TOTDIF. 



The MANCOVA indicated that null hypothesis H.Sg should 



be rejected (p < .0204). The corresponding univariate 
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analyses indicated that probably the significant difference is 
due to the differences between values for G DIF. The univariate 
F ratios for SS DIF, A DIF, G DIF, and TOTDIF are .0865, .0004, 
12.4878, and 7.5721, respectively. The correlation between G DIF 
and TOTDIF is high (.816) which is expected since TOTDIF was the 
sum of the other three variables (see Table 6.3). 

Table 6.3 

MANCOVA FOR DIFFERENCE BETWEEN CELL MEANS 
FOR VARIABLES SS DIF, A DIF, G DIF, AND TOTDIF 



F Ratio for Multivariate Test of Equality 
of Mean Vectors » 3.2288, df 4 and 46, p < .0204 


Variable 


MS 


Univariate F 


P < 


SS DIF 


.0121 


.0865 


.7700 


A DIF 


.0000 


.0004 


.9842 


G DIF 


3.4230 


12.4878 


.0010 


TOTDIF 


4.1815 


7.5721 


.0083 



Consideration of the cell means shows that most are positive 
or zero which indicates that more new items were missed than old. 
In fact rote treatments, which required correct responses on all 
old items before the posttest was given, have fewer negative mean 
scores than the conceptual treatments (see Table 6.4). The indication 



Is strong that the old Items had been forgotten and responses made 
on the basis of a rule rather than on the basis of a remembered 
Isolated fact. 

Table 6.4 

CELL MEANS FOR VARIABLES SS DIF, A DIF, G DIF, AMD XOTDIF 



Cell 


Number of 
Subjects 


SS DIF 


A DIF 


6 DIF 


TOTDIF 


PR RO RE 


8 


.000 


.000 


.375 


.375 


PR RO DI 


9 


.111 


.000 


.111 


.222 


PR CO RE 


9 


.111 


.222 


.667 


.889 


PR CO DI 


7 


.000 


.000 


.286 


.286 


MP RO RE 


9 


.000 


-.111 


.000 


-.111 


NF RO DI 


7 


.000 


.000 


.571 


.571 


NP CO RE 


7 


-.143 


.000 


.571 


.429 


NP CO DI 


7 


-.143 


-.143 


-.143 


-.429 


Standard 


Deviation 


.369 


.245 


.580 


.784 



No evidence was found to support Research Hypotheses 2a, 
2b, or 2c for any of the four sets of dependent variables. A 
significant difference was found between cell means for dependent 
variables SS DIF, A DIF, G DIF, and TOTDIF. 



Three research hypotheses from Chapter II concerning Part 
Two of the study are: 

Hypothesis 3a. There Is a significant difference between 
reception and discovery learning on the ability to do 
computations related to sequences. 

Hypothesis 3b. There is a sigiiif leant difference between 
learning that includes rote learning and learning that 
is conceptual on the ability to do computations related to 
sequences. 

Hypothesis 3c. There is a significant interaction between 
reception-discovery and rote-conceptual learning on the 
ability to do computations related to sequences. 

Fourteen sets of null hypotheses were tested using MANCOVA 

for different sets of dependent measures. Only those that were 

statistically significant are reported here; the others may be 

found in Appendix B. Four MANCOVA Indicate support for Research 

Hypothesis 3a and a fifth provides marginal support fr r that 

hypothesis. 

The first set of dependent variables is related to the mean 

number of mistakes made on each kind of calculation required: 

CLIMN the mean number of incorrect responses in finding 
the twentieth term of a given sequence* 

CL2MN the mean number of incorrect responses in finding 
the nth term of a given sequence. 

CL3MN the mean number of incorrect responses in finding 
the sum of the first twenty terms of a given 
sequence. 

CL4MN the mean number of incorrect responses in finding 
the sum of the first n terms of a given sequence. 
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CL5MN the mean number of Incorrect responses In finding the 
sum of the terms in an infinite sequence if it exists. 

There was no variance between CLIMN and CL2MN so that CL2MN 
was deleted from the set of variables before the MANCOVA was per- 
formed. The null hypothesis tested is: 

H.7a; There is no significant difference in cell means for 
observed values of CLIMN, CLIMN, CL4MN, and CL5MN 
between reception (RE) and discovery (DI). 

This hypothesis is tentatively rejected (p < .0649). Thus 
there is weak support for the hypothesis that there is a difference 
between the reception (RE) treatments and the discovery (DI) treat- 
ments. The univariate F ratios do not provide any particular aid 
In interpretation of the result (see Table 6.3). 

Table 6.5 

MANCOVA FOR RE/DI MAIN EFFECT FOR VARIABLES 
CLIMN i CL3MN, CL4MN, AND CL5MN 



F Ratio for Multivariate Test of Equality 
of Mean Vectors = 2.4573, df » 4 and 33, p < .0649 



Variable MS Univariate F p <: 



CLIMN 


.0644 


2.9083 


.0968 


CL3MN 


.2708 


3.9524 


.0545 


CL4MN 


.4491 


9.0610 


.0048 


CL5MN 


.2266 


1.0294 


.3171 
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When the cell means are considered* It may be observed that 
fewer mistakes were made by Ss In discovery treatment? than by 
Ss In reception treatments as measured by variables CLIMN, CL3MN, 
and CL4M1^, but Ss In discovery treatments made more mistakes with 
respect to CL5MN (see Table 6.6). 

Table 6.6 

CELL MEANS FOR VARIABLES CLlMN, CL3MN, CL4MN, AND CL5MN 



Cell 


Number of 
Subjects 


CLIMN 


CL3MN 


CL4MN 


CL5MN 


RO RE 


16 


.063 


.188 


.188 


.250 


RO DI 


11 


.000 


.000 


.000 


.409 


CO RE 


12 


.083 


.125 


.208 


.125 


CO DI 


7 


.000 


.071 


.000 


.357 


Standard 


Deviation 


.143 


.254 


.227 


.471 



The elements in the second set of dependent variables providing 

supporting evidence for Research Hypothesis 3a are used to measure 

differences In computing the sum of the first twenty terms of 

arithmetic and geometric sequences. The variables are; 

C130N the number of mistakes on old items in CL3 minus the 
number of mistakes on new Items in CL3« 

CL3AG the number of mistakes on arithmetic items in CL3 
minus the number of mistakes on geometric items In 
CL3. 
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CL3IT the number of mistakes on old geometric and new arithmetic 
items in CL3 minus the number of mistakes on old aritltaetic 
and new geometric items in CL3, 

The null hypothesis tested is: 

H.8a: There is no significant difference in cell means for 
observed values of CL30N, CL3AG, and CL3IT between 
RE and DI treatments. 

The null hypothesis is rejected (p < .0238). Strong support 

is given to Research Hypothesis 3a. The univariate tests for 

CL30N and CL3AG both indicate significant differences (see Table 6.7). 

The nature of these differences will be discussed below. 



Table 6.7 



MANCOVA FOR RE/DI MAIN EFFECT 
FOR VARIABLES CL30N, CL3AG, AND CL3IT 




F Ratio for Multivariate Test of Equality 
of Mean Vectors = 3.5782, df 3 and 34, p < .0238 



Variable 



Univariate F 



P < 



CL30N 



.2472 



9.9605 



.0033 



CL3AG 



.5242 



7.9752 



.0077 



CL3IT 



.0862 



3.3402 



.0760 



The only cell mean that is negative for either CL30N or CL3AG 
was for the conceptual discovery treatment. Thus only ^s In this 
treatment missed more new items than old and more arithmetic items 



than geometric. Subjects in both rote treatments missed at least 
as many old Items as new (Table 6.8 reflects these observations). 



Table 6.8 

CELL MEANS FOR VARIABLES CL30N, CL3AG, AND CL 3 IT 



Cell 


Number of 
Subjects 


CL30N 


CL3AG 


CL3IT 


RO RE 


16 


.063 


.188 


.063 


RO DI 


11 


.000 


.000 


.000 


CO RE 


12 


.125 


.125 


.125 


CO DI 


7 


-.071 


-.071 


.071 


Standard 


Deviation 


.170 


.254 


.170 



The third set o£ dependent variables related to Research 

Hypothesis 3a is: 

CL40N the number of mistakes on old Items In CLA minus 
the number of mistakes on new items in CL4* 

CL4AG the number of mistakes on arithmetic items in 
CL4 minus the number of mistakes on geometric 
items in CL4* 

CL4IT the number of mistakes on old geometric and new 

arithmetic items in CL4 minus the number of mli^takes 
on old arithmetic and new geometric items in CL4* 

The null hypothesis tested is: 

H*9a: There is no significant difference in cell means 
for observed values of CL40N> CL4AG> and CL4IT 
between RE and DI treatments* 



The null hypothesis is rejected (p < .0449). This supports 
Research Hypothesis 3a. The univariate tests indicated significant 
differences between mean scores for CL4AG and CL4IT but not for 
CL40N (see Table 6.9). 

Table 6.9 

MANCOVA FOR RE/DI MAIN EFFECT 
FOR VARIABLES CL40N, CL4AG, AND CL4IT 



F Ratio for Multivariate Test of Equality 
of Mean Vectors = 2.9836, df 3 and 34, p < .0449 



Variable 


MS 


Univariate F 


P < 


CL40N 


.1414 


2.8159 


.1020 


CL4AG 


.3502 


5.5051 


.0246 


CL4IT 


.2064 


4.5599 


.0397 



The fourth set of dependent variables related to Research Hypothesis 
3a is: 

CL30N the number of mistakes on old items in CL5 minus the number 
of mistakes on new items in CL5. 

CL5AG the number of mistakes on arithmetic items in CL5 minus 
the number of mistakes on geometric items in CL3. 

CL5IT the nuinhfr of mistakes on old geometric and new arithmetic 
items in CL5 minus the number of mistakes on old arithmetic 
and new geometric items in CL5. 



The null hypothesis Is: 



H.lOa: There is no significant difference in cell means 
for observed values of CL50N, CL5AG, and CL31T 
between RE and Dl treatments. 

This null hypothesis is rejected (p < .0437). The only 

univariate F ratio that Indicated significance was for CL50N 

(see Table 6.10). 

Table 6.10 

MANCOVA FOR RE/DI MAIN EFFECT 
FOR VARIABLES CL30N, CL3AG, AND CL3IT 



F Ratio for Multivariate Test of Equality 
of Mean Vectors = 2.9671, df 3 and 34, p < .0457 



Variable 


MS 


Univariate F 


P < 


CL30N 


.2923 


6.0060 


.0193 


CL4AG 


.1301 


.8836 


.3530 


CL3IT 


.0674 


1.2707 


.2671 



Examination of the cell means indicate that Ss in reception 
treatments made more errors on old items but Ss in discovery 
treatments made more errors on new items. This result, as well 
as other results reported in this section, provide strong evidence 
that there is a main effect on the reception-discovery dimension. 
One more significant result indicating the same thing is given 
next. 
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The fifth set of dependent variables related to Research 
Hypothesis 3a Is 34X0N, 145XON, and 124X0N. The variable 34XON 
Is defined as the sum of the mistakes made in computing the sum 
of the first twenty terms of old items and the sum of the first 
n terms for the new items minus the errors in computing the sura 
of the first n terras for old and the first twenty terms for new 
items. The variables 145X0N and 124X0N are defined analogous to 
34XON. 

The null hypothesis is: 

H. lla: There is no significant difference in cell means 
for observed values of 145X0N, 124X0N, and 34X0N 
between RE and DI treatments. 

This hypothesis is rejected (p < .0260). The only significant 

univariate test is for 124X0N (see Table 6.11) That there is a 

difference between the reception and the discovery treatments is 

once again demonstrated but that one is better than the other is 

not. Even though the results are significant it is clear that A '•e 

research is required before the nature of the difference is understood. 

Table 6.U 

MANCOVA FOR RE/DI MAIN EFFECT 
FOR VARIABLES 145X0N, 124X0N, AND 34XON 



F Ratio t'or Multivariate Test of Equality 
of Mean Vectors = 3.4946, df 3 and 34, p < .0260 

Variable MS Univariate F p < 

145XON .0525 1.5050 .2279 

124XON .0925 4.1582 .0489 

34X0N .0073 .3350 .5664 
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Strong support for Research Hypothesis 3a was reported In this 
section. It should be noted that the precise nature of the dif- 
ferences between the reception treatments and the discovery treatments 
Is not clear and It would be a mlstaice to conclude that one c^ethod 
Is superior to another* No support was found for either Research 
Hypothesis 2b or Research Hypothesis 2c« 

The Learning Models 

Bower ' s Model * The estimate of ^ " g (where g Is the probability 

of a correct guess before an Item Is learned) In Bower's model was 

1 18 

found to be Incorrect. The value ^ Is (^) which Is much too suall 
for the actual data. Also, the other parameter c (the probability 
of transition from state Cq» the unlearned state» to state Cj^, the 
learned state) Is not specified by the model so that It was necessary 

to estimate both c and g from the data. The method used was to minimize 

i%2 (observed - theoretical) ^ ^, , j j ^t. ^ i 

D a It theoretical * Where the observed and theoretical 

values are for F(X^ ° 1)> the probability of an error on trial n, and 

P(Te B t)» the probability of a total of t errors for a subject*-ltem 

sequence. Under the assumption of Independent observations (which 

should be questioned for these models since the learning of one 

2 

Item should effect the learning of another) D Is asympotlcally 

2 

distributed as Chl«*square so that large values of D would Indicate 
a poor fit between the data and the model. Regardless of the 
statistical validity » the method does give one method of estimating 
the parameters. 



In this section the following designations are used: PR for 
pretest given, NP for no pretest given, RO for rote, CO for conceptual, 
RE for reception and DI for discovery. 

For the PR RO RE treatment g was estimated to be .804 and 
c to be .611 with a resulting value of D equal to 10.967 which 
indicates a poor fit between theory and data (Table 6.12). Figure 6.1 
gives a graphical representation of this poor fit. 

Table 6.12 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT PR RO RE 





n = 




1 


2 


3 


P(X =1) 
n 


observed 




.208 


.083 


0 




theoretical 




.196 • 


.076 


.030 






t = 


0 


1 


2 


3 


P(Te=t) 


observed 


.771 


.167 


.062 


0 




theoretical 


.715 


.254 


.028 


.003 



g = .804 



c = .611 



D^ a 10.967 
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Figure G.l. Observed and Theoretical Values of P(X ~1) and 
. P(Te-t) for Treatment PR RO RE. ^ 
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Estimates of g and c for the PR RO DI treatment are .573 and .601, 
2 

respectively, with D equal to 1.355 (Table 6.13) which is a much bet- 
ter fit (Figure 6.2 shows this also). 

Table 6.13 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT PR RO DI 



n = 1 2 3 4 5 

P(X^=1) observed .426 .194 .074 .018 0 

theoretical .427 .170 .068 .027 .01 

t« 0 12345 

P(Teat) observed .463 .398 .120 .009 .009 0 

theoretical .447 .431 .095 .021 .005 .001 



8 = .573 c a .601 d' - 1.355 
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Figure 6.2. Observed and Theoretical Values of P(X =1) and 

P{Te=t) for Treatment PR RO DI. ^ 
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A moderately good fit was found between data and theory with g 

2 

equal to .646 and c equal to .638 for the NP RO RE treatment (D » 
4.344, Table 6.14 and Figure 6.3). 

Table 6.14 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT NP RO RE 





n =s 




1 


2 


3 


4 


P(X "1) observed 
^ n 




.352 


.157 


.037 


0 


theoretical 




.354 


.128 


.046 


.017 




t a 


0 


1 


2 


3 


4 


P(Te=st) observed 


.565 


.333 


.093 


.009 


0 


theoretical 


.538 


.385 


.064 


.011 


.002 



g =. .646 



c = .638 



D^ a 4.344 
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P(X^«l): data . 

theory. 



P{Te=t): data 




Figure 6.3. Observed and Theoretical Values of P (X ~1) and 

P(Te=t) for Treatment NP RO RE. ^ 
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A poor fit, D equal to 8.090, for g equal to .460 and c equal 
to .554 is illustrated in Figure 6.4 and is reflected in values in 
Table 6.15 for the NP RQ DI treatment. 



Table 6.15 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT NP RO DI 



3 4 



P(Xj^=l) observed ,560 .286 .071 .048 0 



theoretical ,540 ,241 ,107 ,048 ,021 



t « 



P<Teat) observed ,369 ,357 ,226 ,036 ,012 0 



theoretical ,320 ,474 .144 ,044 ,013 ,004 



8 =» •460 c a ,554 D^ « 3.090 
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P(X^=l): data . 

theory . 

P(Te=t): data . 

theory , 




Figure 6.4. Observed and Theoretical Values of P(X ~1) and 



P(Te=t) for Treatment NP RO DI. 
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The data from the PR CO RE treatment, with values of .364 and 
.709 for g and c, respectively, resulted in a value for of .854, 
as reported in Table 6.16, fit tho Bower model very well, as is evi- 
dent in viewing Figure 6.5. 

Table 6.16 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT PR CO RE 



n = 




1 


2 


3 


4 


5 




P(X =1) observed 
^ n 




.685 


.167 


.056 


.028 


0 




theoretical 




.636 


.185 


.054 


.016 


.005 




t a 


0 


1 


2 


3 


4 


5 


6 


P(Te=t) obberved 


.306 


.546 


.093 


.028 


.019 


.009 


0 


theoretical 


.290 


.564 


.117 


.024 


.005 


.001 


0 



g = .364 c » .709 D = .854 




Figure 6.5. Observed and Theoretical Values of P(X «i) 

r(Te=t) for Treatment PR CO RE. " 
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If the RE part of the above treatment is changed to DI so that 
the treatment is PR CO DI the fit is not good as indicated by equal 
to 8.172 for values of g and c ot .057 and .528, respectively. Table 
6.17 indicate these values and Figure 6.6 graphically illustrates the 
poor fit. 

Table 6.17 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT PR CO 61 



n s 



P(X^=1) observed .964 .452 .203 .095 



theoretical .943 .445 .210 .099 .047 



t « 0 i 



P(Te=l) observed .036 .393 .417 .155 



theoretical .030 .526 .241 ,110 .050 



? « '057 c = .528 D^ =» 8.172 
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Figure 6.6. Observed and Theoretical Values of P(X =1) and 

P(Tc'~t) for Treatment PR CO DI. ^ 



The NP CO RE treatment has the smallest value of for any group, 
.141, indicating a very good fit. This value of is achieved with 
values of g and c equal to .476 and .684, respectively. Table 6.18 
and Figure 6.7 reflect these observations. 



Table 6.18 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND TlJE PROBABILITY OF t ERRORS 
BEFORE LEARNING FOR TREATMENT NP CO RE 



n = 




1 


2 


3 


4 


5 


P(X =1) observed 
n 




.512 


.179 


.060 


.012 


0 


theoretical 




.524 


.166 


.052 


.017 


.005 


t a 


0 


1 


2 


3 


4 




P(Teat) observed 


.381 


.500 


.107 


.012 


0 




theoretical 


.383 


.500 


.100 


.019 


.003 





g a .476 



c « ,684 



D^ a .141 



119 



P(X =1): data 
n 

theozy 




Figure 6.7. Observed and Theoretical Values of P(X^-l) and 



P(Te=t) for Treatment NP CO P.E. 



n 
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On the other hand, the NP CO DI tf*atment has the largest v|ilue 

2 

of D which is 14.485. The values of g and c corresponding to this 
2 

value of D are .058 and .483, respectively. Table 6.19 and Figure 
6.8 reflect these observations. 

Table 6.19 

OBSERVED AND THEORETICAL VALUES OF THE PROBABILITY 
OF AN ERROR ON TRIAL n AND THE PROBABILITY QF' t ERRORS 
BEFORE IJ5ARWING FOR TREATMENT NP CO DI 



n a 




1 


2 


3 


4 


5 


6 


P(X =1) observed 
n 




.917 


.607 


.262 


.083 


.012 


0 


theoretical 




.942 


.488 


.252 


.130 


.067 


.03! 


t => 


0 


1 


2 


3 


4 


5 




P(Te«l) observed 


.036 


.333 


.405 


.167 


.060 


0 




theoretical 


.029 


.483 


.243 


.122 


.061 


.030 




g = .058 




C =8 


.483 




D^ = 14.485 
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Model II and Model III > One purpose for considering Models XI 

and III was to facilitate parameter estimation, however, the method 
2 

of minimizing D gave much better estimates. The transition matricies 
for the different treatments are given in Appendix C. 

Summary 

The results of the data analysis is reported in this chapter. 
Significant differences were found between rote and conceptual treat- 
ments and between pretest given and pretest not given treatments for 
learning relations between concepts. Significant differences were 
found aipnng cell m^ans for the differences between errors on old items 
and errors on new items. Significant differences were also found 
between reception and discovery treatnients in Part Two of the study. 
Data from conceptual reception treatments wete found to agree well 
with theoretical values from Bower's model. 

Conclusions based on these analyses viill be discussed in Chapter 
VII with recommendations for future research and some limitations of 
the study. 



Chapter VII 
CONCLUSION 

This concluding chapter contains a discussion of the evidence 
gathered to answer the questions stated in Chapter II. Romberg 
(1969) stated, "The educational research process involves five 
sequential activities: asking good questions, gathering relevant 
evidence to answer the questions, ruling out alternative hypotheses, 
extrapolating minimally beyond the data and recylclng (p. 1)." 
Except for recycling this chapter completes the report of the 
five sequential activities not already done. 

The questions in Chapters I and II could be briefly summarized 

as: 

1. Could evidence of an interaction between rote-conceptual 
and reception-discovery dimensions of learning be found? 

2. Could a method of studying learning relations between 
concepts be developed? 

3. To what extent would models like Bower's fit data about 
learning mathematical concepts? 

The ideas discussed in Chapters I and II and the research 

cited in Chapter III led to the formulation and execution of 

the study as reported in Chapters IV and V. The data were 

analyzed as reported in Chapter VI. To reiterate, this chapter 
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will report some conclusions. However^ some limitations of the 
study must bo considered before drawing these conclusions. 

Limitations 

The external validity of the study must be questioned 
since the teaching assistants that participated in the ex-^ 
perlment were not randomly selected. Also the students knew 
they were participating in an experiment » and this is another 
source of possible invalidity. Campbell and Stanley (1966) 
pointed out that when subjects know they are participating 
in an experiment . .a higher-order problem-solving task 
is generated, in which the procedures and experimental treatment 
are reacted to not only for their simple stimulus values^ but 
also for their role as clues in divining the experimenter's 
intent (p. 20)." The study was designed to provide internal 
validity by randomly assigning the subjects to treatments. 

The problem of the low reliabilities of the pre- and post- 
tests was pointed out in Chapter V. The position taken is 
that conclusions drawn from this test data provides hypotheses 
for future studies. The tests are not believed to be unreliable 
but rather that appropriate methods for assessing the reliability 
of Orr iter ion-referenced tests have not been discovered. Perhaps 
reliability should not be considered at all* 

The content validity of the pre- and posttests is assumed 
to be high. Recall that the tests weve constructed from the 



same item pool used in instruction. Anastasi (1970) said, 

...content validity provides an adequate technique 
for evaluating achievement tests. It permits us to 
answer two questions that are basic to the validity 
of an achievement test: (1) Does the test cover a 
representative sample of curricular content? (2) Is 
test performance reasonably free from the influence 
of irrelevant variables (p. 102)? 

It seems reasonable to answer "yes" to both questions. 

In spite of careful proof reading, a mistake in writing 
the posttest for Part One was found after the data were < 
collected. The item 9/7 + 9/14 + 3/7 + 9/28 + ... on list A 
was written as 9/7 + 9/14 + 3/7 + 9/8 + . . .on the posttest 
so that what was intended to be an "old" item on the posttest 
was actually new to the Sa, Both items are examples of an 
infinite series that is neither arithmetic nor geometric. 
A conclusion cannot be drawn on the basis of this being an "old" 
item. 

With these limitations in mind, some conclusions are 
discussed. 



Conclusions 

The three research hypotheses about learning relations 
between concepts are: 

Hypothesis la. There is a significant difference between 
reception and discovery learning on recognition of re- 
lations between concepts. 

Hypothesis lb . There is a significant difference between 

learning that includes rote learning and learning that 

is conceptual on recognition of relations between concepts. 
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Hypothesis jLc. There is a significant interaction between 
reception-discovery learning and rote-conceptual learning 
on recognition of relations between concepts. 

No evidence was found to support Research Hypothesis la. 

It may be that no differences exist for learning hierarchies of 

concepts in the different ways discussed or it may be that more 

difficult hierarchies of mathematical concepts are required to 

detect the differences. More discussion will be provided in 

the next section. 

There is statistical evidence for the existence of a main 

■ 

effect on the rote (RO) - conceptual (CO) dimension. However » 
the data may not warrant inferring Research Hypothesis lb is 
true. Note correct responses, whether made because a concept 
is learned or because an item is learned by rote, do not give 
evidence that relations between concepts have been learned. 
The only evidence about learning relations is of a negative sort 
and shows at times a relation is not learned but never that a 
relation is learned. The conclusion is that S^s in CO treatments 
make more mistakes (than S^s in RO treatments) of a kind that 
indicate relations between concepts are not learned. Thus, either 
the RO treatment increases the probability of learning relations 
between concepts or it increases the probability of '^.uessing 
correctly before learning. Since the experiment does not 
distinquish between these two possibilities experiments would be 
required to determine which alternative is the better interpretation. 

There is no evidence to support Research Hypothesis Ic. Com- 
ments made about Research Hypothesis la are appropriate. 



The ability to test these three hypotheses leads to the 
following important conclusion: It is possible to study the 
learning of relations between concepts in a hierarchy of 
mathematical concepts by observing Ss^ responses while learning. 

Three research hypotheses about concept recognition are; 

Hypothesis 2a. There is a significant difference between 
reception learning and discovery learning on recognition 
of examples of concepts learned. 

Hypothesis 2b. There is a significant difference between 
learning that includes rote learning and learning that 
is conceptual on recognition of examples of concepts 
learned. 

Hypothesis 2c. There is a significant interaction between 
reception-discovery learning and rote-conceptual learning 
on recognition of examples of concepts learned. 

No evidence was found to support these hypotheses. 

There is no evidence that rote learning will hamper relation 
learning or concept learning. In fact, no variables related to 
new items on the posttest had observed mean values that indicated 
better performance for subjects in conceptual treatments than for 
subjects in rote treatments. This fact is certainly not consistent 
with the view that rote learning is not meaningful in the sense 
that to encourage rote learning is to discourage conceptual 
learning. However, it is consistent with the view that there 
are hierarchies of learning starting with the learning of basic 
facts and proceeding to higher l^.vels. 

The three research hypotheses concerned with Part Two of 
the study are: 
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Hypothesis 3a, There is a significant difference between 
reception and discovery learning on the* ability to do 
computations related to sequences. 

Hypothesis 3b. There is a significant difference between * 
learning that includes rote learning and learning that is 
conceptual on the ability to do computations related to 
sequences. 

Hypothesis 3c. There is a significant interaction between 
receptiuu-discovery and rote-conceptual learning on the 
ability to do computations related to sequences. 

No evidence was found to support either Research Hypothesis 

3b or Research Hypothesis 3C. Research Hypothesis 3a was strongly 

supported by the data. That one method of learning is better than 

another is not clear since statistically significant differences 

were found that in some cases favored reception learning and in 

other cases favored discovery learning. In addition, some situations 

revealed differences that were difficult to interpret as favoring 

either. It may be a mistake to try to prove, in general, that 

reception learning is better or worse than discovery learning. 

There is evidence that, in some situations, there are differences, 

but the nature of these differences needs to be understood more 

clearly. 

One part of the study attempted to detect differences while 
learning was occurring. Data collected while Ss were learning 
agree rather well with the theoretical values from the Bower model 
for conceptual reception treatments when the estimate that g (the 
probability of a correct guess) was the reciprocal of the number 
of possible guesses was discarded and replaced by an empirical 
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estimate of g. The data does not agree as well for other treatments 
this leads to the conclusion that there are differences during learn 
ing which can be detected using mathematical models. 

It is most interesting that of all the treatments in the 
experiment the conceptual reception treatments resemble most 
closely what would be expected iu classroom activities designed 
to teach students the concepts of the study. In most classrooms, 
before being asked to recognize examples, the students see both 
the definitions and the exfunples of the concepts either in a 
reading assignment or in a lecture. Then the students are given 
items to classify after which they are given feedback by having 
their homework graded or perhaps by checking an answer book. If 
it is determined that the concepts are not learned, the student 
would most likely be directed to reread the definitions and 
examples and then try some more problems. If a way of estimating 
the parameters could be found that did not depend upon empirical 
data, great progress toward estimation of the difficulty of 
acquiring specific concepts in the classroom could be developed. 

No values of parameters g and c in the Bower model will give 
a larger probability of learning a concept on the third trial than 
on the second trial yet that is what occurred for both conceptual 
discovery treatments. Just what this means in terms of learning 
concepts is not clear but it does mean the Bower model is not 
appropriate for this kind of learning. 



Re commend a t Ions for Future Research 

Is it possible tluit problems in understanding the differences 
between reception and discovery learning in the past have been 
caused by looking for main effects when the whole question is 
really one of interacting variables? The evidence is at least 
strong enough to prompt further research* This research may need 
to include reconsideration of the treatments termed as rote and 
conceptual t But the method of specifying from a mathematical 
discourse a hierarchy of concepts and then proceeding to study 
dilfereiiL methods ul teaching and learning the relalious with 
respect to interacting variables seems quite promising. It is 
reiterated that the structure of mathematics is one aspect that 
sets it apart from other subjects taught in schools. It may be 
possible to learn a great deal about mathematics learning without 
considering the formal logical relations between concepts but 
surely much more could be gained by detailing the role of the 
structure in the learning situation. * 

The lack of evidence found to support Research Hypotheses 
la, Ic, 2a, 2b, or 2c indicate that if there are differences 
caused by the rote-conceptual and reception-discovery treatments 
more subtle tests must be devised. It would be interesting to 
find a way to measure differences in relations learned. To do 
this, much more difficult relations would be required. Since 
correct responses provide no information about learning relations 



between concepts, more mistakes are needed to study this kind o£ 

learning. The possibility exists that a relation has not been 

learned even though the has no errors on a post test. In the 

study no errors were made on any posttest that indicated a 

did not know the relations between the concepts studied. 

It had been hoped that evidence as to whether or not 

learning the relations between concepts fit the Bower model 

would be found. Too few errors were made to draw conclusions 

one way or the other. It still seems possible that Bower's 

model may be appropriate for sets of more difficult relations 

but for a small number of easy to learn relations it may not be 

very accurate. Three research hypotheses are: 

The Bower model is adequate for describing learning of 
relations in a hierarchy of mathematical concepts. 

The Bower model is adequate for describing learning in. 
• the conceptual reception treatments. 

The Bower model is not adequate for learning in the 
conceptual discovery treatments or for learning in any 
of the rote treatments. 

Summary 

This chapter contains a discussion of the conclusions that 
there are significant differences between rote and conceptual 
learning and significant differences between reception and dis- 
covery learning. It was also concluded that the method of 
specifying a hierarchy of mathematical concepts and then 
proceeding to study learning the relations between the concepts 
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was promising. A very good fit between data and theoretical values 
for the Bower model for some treatments and not for others seems 
to indicate a method that could be developed to study differences 
in learning. 
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DIRECTIONS FOR PART ONE RECEIVED BY Ss IN RO RE TREATMENTS 

A Unit on Sequences and Series 
You will be given a set of definitions. You are to learn to identify 
the different kinds of sequences and series that are defined there. 

DIRECTIONS: 

1. After you finish reading the directions, spend a few 
minutes reading the definitions. It is not necessary 
to memorize each one since you will find as you use 
them that you will learn them easily. 

2. After you have read the definitions, return them to 
the instructor and get a booklet containing examples 
from him/her. la the booklet place an X in front of 
those terms that describe the example. For instance: 

Phydeau (a local dog) 

X animal ^ j 

X dog 

plant 

'3. The correct responses are marked on the back of the 

page . Your answers are not used t o determin e your grade . 
PLEASE DO NOT CHANGE ANY OF YOUR ANSWERS I 

4. When you have finished your booklet be sure your name is 
on it and give it to your instructor. 

5. Get a list of definitions from the instructor and reread 
any you wish, then return the definitions and get a new 
booklet. 

6. Repeat this fun process until you can use the definitions 
correctly. Don't spend more than 20 minutes per table since 
a certain amount of speed is necessary. 



PLEASE WORK INDIVIDUALLY. 
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DIRECTIONS FOR PART ONE RECEIVED BY Ss IN RO DI TREATMENTS 

A Unit cn Sequences and Series 

You will be given a booklet containing examples and terms. You 
are asked to identify the terms that describe each example. 

DIRECTIONS : 

1. After you finish reading the directions, get a copy of 

a booklet of examples from the instructor. In the book- 
let place an X m front of those terms that describe the 
example. For instance: 

Phydeau (a local dog) 

X Animal 

Plant 
X Dog 

2. The correct responses are marked on the back of the page. 
Your answers are not used to determine your grade , PLEASE 
DO NOT CHANGE AI4Y OF YOUR ANSWERS 1 

3. When you have finished your booklet be sure your name is 
on it and give it to your instructor. 

4. Get another booklet from the instructor and repeat this 
fun process until you can recognise examples of each 
term. Don't spend more than 20 minutes per booklet since 
a certain amount of speed is necessary. 

PLEASE WORK INDIVIDUALLY. 
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DIRECTIONS FOR PART ONE RECEIVED BY Si IN CO RE TREATMENTS 



A Unit on Sequences and Series 

You will bft r.ivon u oot. of linrini lionii. You fxvn l.o lf?nrn 
to identily tlio (liCrerGnt kirjdij ol" ooquonoou ancj norion thnt. 
are defined there. 
DIRECTIONS: 

1. After you finish reading: the directions, spend a 
few minutes reading the definitons. It is not 
necessary to memorize each one since you will find 
as you use them that you will learn them easily. 

2. After you have read the definitions, return them 

to the instructor and get a table containing examples 
from him/her. In the table, place an X below those 
terms that describe the example. For instance; 

Animal riant Dor. 

i'hydeau X X 

(a local dog) 

3. After you have completed the table an instructor will 
give you the correct answers ( your answers are not 
used to determine your grade ) , PLEASE DO NOT CHAHGE 
ANY OF YOUR ANSWERS! 

4. Study the correct responses a few minutes then turn 
in your table (with your name on it) and get the list 
of definitions. Reread any of these you wish, then 
return the definitions and get a new table from the 
instructor. 

5. Repeat this fun process until you can use the defini- 
tions correctly. Don't spend more than 20 minutes per 
table since a certain amount of speed is necessary. 

PLEASE WORK INDIVIDUALLY. 
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DIRECTIONS FOR PART ONE RECEIVED BY Ss IN CO DI TREATMENTS 

A Unit on Sequences and Series 

t 

You will be given a Cable containing examples and terms. You 
are asked to identify the terms that describe each example. 
DIRECTIONS : 

1. After you finish reading the directions, get a copy 
of a table of examples from the instructor. In the 

• table place an X below those terms that describe the 

example. For instance: 

Animal Plant Dog 

Phydeau X X 

(a local dog) 

2. After you have completed the table the instructor will 
give you the correct answers (your answers are not used 
to determine your grade ) . PLEASE DO NOT CHANGE ANY OF 
YOUR ANSWERS 1 

3. Study the correct responses a few minutes then turn in 
your table (with your name on it) and get another one. 

4. Repeat this fun process until you can recognize examples 
of each term. Don't spend more than 20 minutes per table 
since a certain amount of speed is necessary. 



PLEASE WORK INDIVIDUALLY. 
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A 


Infinite Sequence 


Infinite Series 


Arithmetic Sequence 


Geometric Sequence 


Finite Sequence 


Geometric Series 


Finite Series 


Arithmetic Series 
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Infinite Series 


Arithmetic Series 


Finite Sequence 


Geometric ISeries 


Infinite Sequence 
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Finite Series 


Arithmetic Sequence 
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PART ONE - LIST C 
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Infinite Sequence 


Arithmetic Series 


Geometric Sequence 


Geometric Series 


Finite Sequence 


Finite Series 
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Infinite Series 1 
























t MM 

J I y f 

^ ^ ' 7 ' // ' 




















... / J ^ 








































6" A- // / /"/ ^ ^ 




















/ , J"/ J 




























































•J f y / /• // 








































M g 









































ERIC 



PART ONE - LIST D 





Arithmetic Series 


Geometric Sequence 


Infinite Sequence ! 
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Arithmetic Sequence i 
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Finite Series ! 


Infinite Series 


Geometric Series 1 
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FORM F 


Arithmetic Sequence 


Arithmetic Series 


Geometric Series 


— 1 

Geometric Sequence 


Infinite Sequence 


Finite Series 


Finite Sequence 


Infinite Series 
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FORM H 
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Arithmetic Sequence 


Infinite Series 


\ 

Geometric Series 


Finite Series 


Infinite Sequence \ 


Geometric Sequence 


^ ^ 

Finite Sequence j 


- 


-3% V^', -/7 




















1 1 J. 1 




















.5" A y / .? /- ^- 














t 

1 






/ 

































































1 

1 

\ 




















— t 












































































9-, //, /s, /s- 














JL 







PART ONE « LIST I 

152 



FORM I 


Infinite Sequence 


Infinite Series 


Arithmetic Series 


Finite Series 


Arithmetic Sequence 


Finite Sequence 


Geometric Sequence 


Geometric Series 


• 










































/ /■ C i- 1:^ hJ'/ 






























i 






















































































































































a 





















ERIC 



PART ONE - LIST J 

153 



• 

FORM J 
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Geometric Series 
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PART ONE - POSTTEST 
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APPENDIX B 
MANCOVAS AND CELL MEANS 

The Following Symbols Are Used: 
RE = Reception 
DI B Discovery 
RO a Rote 
CO a Conceptual 
PR a Pretest Given 
NF a Pretest Not Given 




MANCOVA FOR LEARNING RELATIONS BETWEEN CONCEPTS 



Dependent Variables 

FIV, SSV, and AGV 

Source F-Ratio P < 

RE/DI .6969 .5587 

RO/CO 5.8213 ^ • .0019 

PR/NP 3.1043 .0354 

RE/DI X RO/CO 1.0832 ,3655 

RE/DI X PR/NP 1.6245 .1964 

RO/CO X PR/NP 1.7970 .1607 

RE/DI X RO/CO X PR/NP 2.1451 .1072 

Degrees of freedca « 3 and 47 
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MANCOVA FOR PART ONE POSTTEST 

Dependent Variables 







SS OLD, A 
G OLD, and 


OLD, 
TOTOLD 


SS NEW, A 
G NEW, and 


NEW, 
TOTNEW 


Source 




* KaCIO 


P •* 


r xvo k JL V 




RE/DI 




.4277 


.7879 


.4981 


.7372 


RO/CO 




.7944 


.5350 


.4140 


.7977 


PR/NP 




1.3152 


.2785 


1.6124 


.1873 


RE/DI X 


RO/CO 


.6499 


.6299 


.9631 


.4369 


RE/DI X 


PR/NP 


.1606 


.9572 


.5422 


.7056 


RO/CO X 


PR/NP 


.7342 


.5734 


1.7975 


.1456 


RE/DI X 


RO/CO X PR/NP 


.7871 


.5396 


.1966 


.9389 


Degrees 


of freedom » 4 


and 46 















Dependent Variables 








3S SUM, A 
G SUM, and 


SUM, 
TOTSUM 


SS DIF, A 
G DIF, and 


DIF, 
TOTDIF 


Source 




F-Ratio 


P < 


F-Ratio 


P < 


RE/DI 




.3286 


.8574 


.6107 


.6571 


RO/CO 




.6215 


.6495 


.5623 


.6912 


PR/NP 




1.4062 


.2469 


1.4856 


.2221 


RE/DI X 


RO/CO 


.0926 


.9844 


1.9005 


.1265 


RE/DI X 


PR/NP 


.3417 


.8484 


.3968 


.8099 


RO/CO X 


PR/NP 


1.5671 


.1991 


.4308 


.7856 


RE/DI X 


RO/CO X PR/NP 


.3707 


.8283 


1.2415 


.3067 


Degrees 


of freedom a 4 


and 46 









MANCOVA FOR PART TWO POSTTEST 



Dependent Variables 

OVSN, AVSG, and 145XAG, 124XAG, and 

ONXAG 34XAG 



Source 








F-Ratio 


p < 


F-Ratio 


P < 


MEAN 








1.7932 


.1671 


1.1533 


.3418 


re/di 








2.1789 


.1086 


2.1490 


.1122 


RO/CO 








1.0035 


.4032 


1.2828 


.2960 


RE/DI X 


RO/CO 




1.1888 


.3286 


.2111 


.8881 


Degrees 


of 


freedom = 


3 


and 34 


















Dependent Variables 












145X0N, 
and 


124X0N, 
34XON 


1-4VS5, 12VS34, and 
3VS4 


Source 








F- Ratio 


D < 


F-Ratio 


P < 


MEAN 








.3356 


.7997 


.5965 


.6217 


RL/Di 










.0260 


1.9313 


.1431 


RO/CO 








.8374 


.4829 


.4835 


.6960 


RE/DI X 


RO/CO 




.3861 


,7638 


.5154 


.6745 


Degrees 


of 


freedom » 


3 


and 34 






• 












Dependent Variables 












145XIT, 

and '. 


124XIT, 
34XIT 


CL30N, CL3AG, 
CL3IT 


and 


Source 








F-Ratio 


P < 


F-Ratio 


P < 


MEAN 








1.4093 


.2570 


1.7859 


.1685 


RE/DI 








1.0852 


.3686 


3.5782 


.0238 


RO/CO 








.4104 


.7466 


.9847 


.4116 


RE/DI X 


RO/CO 




.3675 


.7770 


1.8227 


.1617 


Degrees 


of 


freedom ^ 


3 


and 34 
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MANCOVA FOR PARI TWO POSTTEST 







Dependent Variables 






CL4IT 


) and 


CL50N. CL5AG. 
CL5IT 




Source 


F-Ratlo 


p < 


F-Ratio 


p < 


MEAN 


.2701 


.8465 


.5760 


.6348 


RE/DI 


2.9836 


.0449 


2.9671 


.0457 


RO/CO 


.0282 


.9935 


.3546 


.7861 


RE/DI X RO/CO 


.5348 


.6616 


.3322 


.8021 



Degrees of freedom » 3 and 34 



Dependent Variables 
GLUT CL2IT MEAN 



Source 


F-Ratlo 


P < 


F-Ratio 


p < 


F-Ratio 


P„ < 


MEAN 


.4413 


.5108 


.4413 


.5108 






RE/DI 


.7880 


.3806 


.7880 


.3806 


2.2052 


.1463 


RO/CO 


1.4146 


.2421 


1.4146 


.2421 


.7399 


.3954 


RE/DI X RO/CO 


.6535 


.4242 


.6535 


.4242 


.0052 


.9431 



Degrees of freedom » 1 and 36 



Source 



Dependent Variables 
CLIMN, CL3MN» CIAMN 



and 


CL5MN 


CLION and 


CLUG 


F-Ratio 


P < 


F-Patlo 


P < 


2.4573 


.0649 


1.4144 


.2567 


.3614 


.8343 


1.0094 


.3748 


.4401 


.7787 


.3593 


.7008 



RE/DI 
RO/CO 

RE/DI X RO/CO 

Degrees of freedom » 4 and 33 2 and 35 
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PART ONE OBSERVED CELL MEANS 



CELL 


SEX 


COT 


ALG 


SECTVl 


SECTV2 


SECTV3 


SS OLD 


PR RO RE 


1.625 


34.500 


10.875 


-.125 


-.500 


-.375 


.000 


PR RO DI 


1.222 


41.000 


15.222 


' -.111 


.000 


-.222 


.222 


PR CO RE 


1.111 


33.444 


11.444 


.333 


.222 


.000 


.111 


PR CO DI 


1.286 


30.429 


9.429 


-.571 


-.571 


-.143 


.000 


NP RO RE 


1.778 


34.778 


12.222 


-.222 


-.556 


-.444 


.000 


NP RO DI 


1.571 


33.429 


14 . 143 


-.143 


-.571 


-.571 


.000 


NP CO RE 


1.429 


35.429 


14.143 


-.143 


-.286 


-.286 


.000 


NP CO DI 


1.286 


30.143 


13.429 


-.143 


-.286 


.286 


.000 


CELL 


N INST 


N ADMN 


FIV 


SSV 


AGV 


FI OLD 


A OLD 


PR RO RE 


2.375 


4.000 


2.750 


1.000 


.000 


.000 


.000 


PR RO DI 


2.778 


6.111 


.776 


.889 


.111 


.000 


.000 


PR CO RE 


3.222 


3.222 


5.556 


2.111 


.444 


.000 


.222 


PR CO DI 


4.286 


4.286 


10.000 


1.429 


.000 


.000 


.143 


NP RO RE 


2.222 


4.222 


.444 


.444 


.111 


.000 


.000 


NP RO DI 


3.429 


7.714 


.429 


.857 


.286 


.000 


.000 


NP CO RE 


3.142 


3.143 


1.571 


.714 


.143 


.000 


.143 


NP CO DI 


4.000 


4.000 


2.143 


3.286 


1.429 


.000 


.000 
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PART ONE OBSERVED CELL MEANS 



CELL 


G OLD 


TOTOLD 


FI NEW 


SS NBW 


A NEW 


G NEW 


TOTNEW 


PR RO RE 


.375 


.375 


.000 


.000 


.000 


.000 


.000 


PR RO DI 


.111 


.333 


.000 


.111 


.000 


.000 


.111 


PR CO RE 


.667 


.889 


.000 


.000 


.000 


.000 


.000 


PR CO DI 


.714 


.714 


.000 


.000 


.143 


.429 


.429 


NP RO RE 


.333 


.333 


.000 • 


.000 


.111 


.333 


.444 


NP RO DI 


.714 


.714 


.000 


.000 


.000 


. 143 


.143 


NP CO RE 


.571 


.714 


.000 


.143 


.143 


.000 


.286 


NP CO DI 


.143 


* .143 


.000 


.143 


.143 


.286 


.571 


CELL 


FI SUM 


SS SUM 


A SUM 


G SUM 


TOTSUM 


FI DIE 




PR RO RE 


.000 


.000 


.000 


.375 


.375 


.000 




PR RO DI 


-000 


.333 


.000 


. Ill 


.444 


.000 




PR CO RE 


.000 


.111 


.222 


.667 


.889 


.000 




PR CO DI 


.000 


.000 


.286 


1.143 


1.143 


.000 




NP RO RE 


.000 


.000 


.111 


.667 


.778 


.000 




NP RO DI 


.000 


.000 


.000 


.857 


.857 


.000 




NP CO RE 


.000 


.143 


.286 


.571 


1.000 


.000 




NP CO DI 


.000 


.143 


.143 


.429 


.714 


.000 
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PART ONE OBSERVED CELL STANDARD DEVIATIONS 







roT 


AT R 


SECTVl 

WWW X V ^ 


SECTV2 


SECTV3 


pp pn PF 

Jrl\ tSKJ s\SU 




L 810 


3.643 


.991 


.535 


.744 


PR RO DI 


.441 


3.808 


1.716 


.782 


.866 


.667 


PR CO RE 


.333 


4.216 


3.539 


.707 


.667 


.500 


PR CO DI 


.488 


6.399 


4.577 


.535 


.535 


1.069 


NP RO RE 


.441 


6.037 


4.055 


.972 


.527 


.726 


NF RO DI 


.535 


6.241 


3.532 


1.069 


.535 


.535 


NP CO RE 


.535 


5.255 


5.242 


.900 


.756 


.756 


NP CO DI 


.488 


14.064 


2.992 


.690 


.488 


.951 


PPT T 


Si xvio X 


N ADMN 


JL V 


ssv 


AGV 


FI OLD 


PP pn PP 
irtv tvv t\*^ 


ILL 


1 Q97 


^ • 


9 070 


onn 


.000 


PR RO DI 


.667 


1.965 


1.394 


1.965 


.333 


.000 


PR CO RE 


1.301 


1.301 


4.391 


3.060 


1.014 


.000 


PR CO DI 


.951 


.951 


8.287 


1.618 


.000 


.000 


NP RO RE 


.441 


1.641 


1.014 


.726 


.333 


.000 


NP RO DI 


1.272 


3.200 


.787 


.690 


.488 


.000 


NP CO RE 


1.345 


1.345 


2.507 


.756 


.378 


.000 


NP CO DI 


1.291 


1.291 


1.952 


3.147 


2.573 


.000 
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PART ONE OBSERVED CELL STANDARD DEVIATIONS 



CELL 


SS OLD 


A OLD 


G OLD 


TOTOLD 


FI NEW SS NEW 


PR RO RE 


.000 


.000 


.744 


.744 


.000 




.000 


PR RO DI 


.667 


.000 


.333 


1.000 


.000 






PR CO RE 


.333 


.441 


.500 


.601 


.000 




.000 


PR CO DI 


.000 


.378 


.488 


.488 


.000 




.000 


NP RO RE 


.000 


.000 


.707 


.707 


.000 




.000 


NP RO DI 


.000 


.000 


.756 


.756 


.000 




.000 


NP CO RE 


.000 


.378 


.787 


1.113 


.000 




.378 


NP CO DI 


.000 


.000 


.378 


.378 


.000 




.378 


CELL 


A NEW 


G NEW 


TOTNEW 


FI SUM 


SS SUM A 


SUM 


G SUM 


PR RO RE 


.000 


.000 


.000 


.000 


.000 


.000 


.744 


PR RO DI 


.000 


.000 


.333 


.000 


.707 


.000 


.333 


PR CO RE 


.000 


.000 


.000 


.000 


.333 


.441 


.500 


PR CO DI 


.378 


.535 


.535 


.000 


.000 


.756 


.900 


NP RO RE 


.333 


.500 


.527 


.000 


.000 


.333 


1.118 


NP RO DI 


.000 


.378 


.378 


.000 


.000 


.000 


1.069 


NP CO RE 


.378 


.000 


.488 


.000 


.378 


.756 


.787 


NP CO DI 


.378 


.488 


.787 


.000 


.378 


.378 


.535 



PART ONE OBSERVED CELL STANDARD DEVIATIONS 



CELL 


TOTSUM 


.FI DIP 


SS DIF 


A DIF 


G DIF 


TOTDIF 


PR RO RE 


.744 


.000 


.000 


.000 


.744 


. 744 


PR RO DI 


1. 014 


.000 


.782 


.000 


.333 


1.093 


PR CO RE 


.601 


.000 


.333 


.441 


.500 


.601 


PR CO DI 


.900 


.000 


.000 


.000 


.488 


.488 


NP RO RE 


1.093 


.000 


.000 


.333 


.500 


.601 


NP RO DI 


1.069 


.000 


.000 


.000 


.535 


.535 


NP CO RE 


1.414 


.000 


.378 


.000 


.787 


.976 


NP CO DI 


.756 


.000 


.378 


.378 


.690 


.976 
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PART TWO OBSERVED CELL MEANS AND STANDARD DEVIATIONS 



CELL 


SEX 


COT 


ALG 


SECTVl SECTV2 


SECTV3 


RO Kb 




• IZD 


111 QQ 

12. loo 


.000 


-.250 


_ OCA 




1 • jd4 


J/ • oJb 


lJ.^43 


-.182 


-.272 • 


• • Jo J 


CO RE 


1 • io / 




1J.300 


.167 


-.083 


AQ *> 


CO DI 






12. QUO 


-.714 


-.714 


A OO 


Standard 
Deviation 


.458 


6^186 


3.959 


.827 


.682 


.727 


CELL 


CLION 


CLIAG 


CLIIT 


CL20N 


CL2AG 


CL2IT 


CL40N 


RO RE 


• 000 


A^ O 

• 063 


.000 


.000 


.063 


.000 


• OoJ 


RO DI 


AAA 

• 000 


AAA 

• 000 


.000 


.000 


.000 


.000 


AAA 
• OUO 


CO RE 


A O O 

• 083 


A O ^ 

.083 


.083 


.083 


.083 


.083 


• 123 


CO DI 


.000 


.000 


.000 


.000 


.000 


.000 


AAA 

.000 


Standard 
Deviation 


.148 


.143 


.148 


.148 


.143 


.148 


.218 


CELL 


CL4AG 


CL4IT 


CL50N CL5AG 


CL5IT 


MEAN 1 


-4VS5 


RO RE 


.125 


.125 


.063 


.125 


.063 


.335 


-.112 


RO DI 


.000 


.000 


-.045 


.227 


-.045 


.183 


-.366 


CO RE 


.208 


.125 


.125 


.125 


.125 


.280 


.000 


CO DI 


.000 


.000 


-.071 


.214 


.071 


.192 


-.303 


Standard 


.243 


.208 


.215 


.376 


.215 


.357 


.434 



Deviation 
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PART TWO OBSERVED CELL MEANS AND STANDARD DEVIATIONS 



CELL 


12VS34 


1VS2 3VS4 


OVSN 


AVSG 145X0N 124X0N 


RO RE 


-.125 


.000 .000 


.084 


.252 -.028 


.063 


RO DI 


.000 


.000 .000 


-.020 


.102 .041 


.000 


CO RE 


-.083 


.000 -.059 


.242 


.280 -.019 


.042 


CO DI 


-.036 


.000 .051 


-.064 


.064 .048 


.036 


oCAndard 
Deviation 




.000 .139 


.295 


.345 .182 


.162 


CELL 


12X0N 


34X0N 145XAG 124XAG 12XAG 34XAG 


ONXAG 


RO RE 


.000 


.000 -.014 


.094 .000 .044 


.112 


RO DI 


.000 


.000 -.203 


.000 .000 .000 


-.020 


CO RE 


.000 


.000 .000 


.083 .000 -.059 


.242 


CO DI 


.000 


-.051 -.208 


.036 .000 -.051 


.064 


Standard 
Deviation 


.000 


.143 .348 


.216 .000 .137 


.291 


CELL 


145XIT 


124XIT 


12XIT 


34XIT 




RO RO 


-.014 


-.094 


.000 


-.044 




RO DI 


.041 


.000 


.000 


.000 




CO RE 


-.019 


-.042 


.000 


.000 




CO DI 


-.048 


-.036 


.000 


.051 




Standard 


.182 


.156 


.000 


.140 





Deviation 
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APPENDIX C 

TRANSITION MATRICIES FOR MODEL II AND MODEL III 
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ICO 



TRANSITION MATRIX FOR MODEL II 
TREATMENT NP RO RE 



State on 
trial n 



L 
U 
C 



State on trial n + 1 

LUC 
10 0 
.797 .186 .017 

0 .833 .167 



erJc 



TRANSITION MATRIX FOR MODEL II 
TREATMENT NP RO DI 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
10 0 
.654 .296 .050 

0 .833 .167 



TRANSITION MATRIX FOR MODEL II 
TREATMENT PR RO RE 



State on 
trial n 



L 
U 
C 



State on trial n -f 1 
LUC 
10 0 
786 .214 0 

0 10 
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TRANSITION MATRIX FOR MODEL II 
TREATMENT PR RO DI 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
10 0 
,753 .234 .013 

0 .722 .278 



TRANSITION MATRIX FOR MODEL II 
TREATMENT NF CO RE 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
10 0 
,812 .172 .016 

0 .714 .286 



TRANSITION MATRIX FOR MODEL II 
TREATMENT FOR NP CO DI 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
1 0 0 

.513 .443 .044 

0 10 
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TRANSITION MATRIX FOR MODEL II 
TREATMENT PR CO RE 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
10 0 
.745 .255 0, 

0 10 
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TRANSITION MATRIX FOR MODEL II 
TREATMENT PR CO DI 



State on 
trial n 



L 
U 
C 



State on trial n + 1 
LUC 
10 0 
.569 .333 .097 

0 .882 .118 



TRANSITION MATRIX FOR MODEL III 
TREATMENT NP RO RE 



State on trial n + 1 



State on 
trial n 



R 
P 

U 
C 



R 
1 
1 

.305 
.593 



P 
0 
0 

.492 
0 



U 

0 

0 
.186 
.370 



C 

0 

0 
.017 
.074 



TRANSITION MATRIX FOR MODEL III 
TREATMENT NP RO DI 
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State on trial n + I 



State on 
trial n 



R 
P 
U 
C 



R 
1 
1 

.111 
.571 



P 
0 
0 
.543 
0 



u 

0 

0 
.296 
.357 



C 

0 

0 
.049 
.071 



erJc 



TRANSITION MATRIX FOR MODEL III 
TREATMENT PR RO RE 



State on trial n + 1 



State on 
trial n 



R 
P 

U 
C 



R 
1 
1 

.101 
.592 



P 

0 
0 

.121 
0 



U 

0 

0 
.707 
.407 



C 
0 
0 

.070 
0 



TRANSITION MATRIX FOR MODEL III 
TREATMENT PR RO DI 



State on trial n + 1 



State on 
trial n 



R 
P 
U 

C 



R 
1 
I 

.156 
.581 



P 

0 
0 

.597 
0 



U 

0 

0 
.234 
.302 



C 

0 

0 
.013 
.116 



APPENDIX 0 
STUDENT RESPONSES 

The Following Symbols are Used: 
RE » Reception 
DI » Discovery 
RO a Rote 
CO » Conceptual 
PR 8 Pretest Given 
NP = Pretest Not Given 
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PART ONE POSTTEST 
CORRECT RESPONSES IN GRID FORMAT 
PR RO RE PR CO RE 



8 


8 


8 


8 


8 


8 


8 


8 


9 


9. 


9 


9 


9 


9 


9 


9 


8 


7 


8 


8 


8 


8 


8 


8 


9 


6 


9 


9 


9 


9 


9 


9 


8 


8 


8 


8 


8 


8 


8 


8 


9 


9 


9 


9 


8 


9 


9 


9 


8 


8 


8 


8 


8 


8 


8 


7 


9 


9 


9 


9 


9 


9 


9 


8 


8 


8 


S 


8 


8 


8 


8 


7 


8 


8 


9 


9 


9 


9 


9 


6 


8 


8 


8 


8 


8 


8 


8 


8 


9 


9 
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9 
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8 
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9 
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9 


9 


9 


9 


8 


8 


8 


8 


8 


8 


8 


8 


9 


9 


9 


9 


9 


9 


9 


9 








PR RO 


DI 












NP 


RO 


RE 








9 


9 


9 


9 


9 


9 


9 


9 


9 


9 
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9 


9 
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PR CO D] 



VkKI ONE POSTTEST 



CORRECT RESPONSES IN GRID FORMAT 



NP CO RE 



NP 



CO D] 



NP 



RO D] 



6 
6 



6 
7 



ERIC 



PART TWO POSTTEST 
(Correct Responses Indicated by 0, Format in Booklet Ord 



GO RE 

IIUIUOOOUOOOOOOOOOO 
0000000000000 1000000 
OOU 1 0000000000000000 
01)000000000000000000 
000 1 0000000000000000 

oooooooooooooooooooo 

OOOJi'OUOOOOOOOOOOOOO 
00100000000000000000 
OOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOO 

1 1 1 1 looooonooooooooo 

RO DE 

OOOOOOOOOOOOOOOOOOOO 
0000 1000000000 100000 
OOOOIOOOO 10000100000 

oooooooooooooooooooo 

00001000000000100001 

oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 

00000000000000 100000 

oooooooooooooooooooo 



CO DI 

oooooooooooooooooooo 

00001000000000100001 

oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 

OOOOlOOOOOOOOOIOOlOO 



RO RE 

OOOOOOOOOOOOOOOOOOOO 
00000000010000000001 
0000 1000000000 100000 
001 luOOOOOOOOOOOOOOO 
OOOOIOOOOOOOOOOOOOOO 
001 10000000011000000 
00000000000000000010 
00000000001100000000 

oooooooooooooooooooo 

0000 1000000000 100000 

oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 
oooooooooooooooooooo 

111 11000000010000000 
00 1 10000000000000000 
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